Abstract. Preeclampsia (PE) is the leading cause of maternal and fetal mortality and morbidity. Furthermore, recent studies have reported that miR-145 within the preeclamptic trophoblast debris may cause the high blood pressure via interacting with the maternal endothelium. The aim of the present study was to investigate the functions of miR-145 in PE. Reverse transcription-quantitative polymerase chain reaction and western blotting were used to assess the expression of miR-145 and mucin (MUC1), respectively. TargetScan, miRBase and miRWalk were used to predict the targets of miR-145. Constructed miR-145 mimic plasmids were transfected into HTR-8/SVneo cells for further experiments, including an MTT assay for cell proliferation, Transwell assay for cell invasion and flow cytometry for cell apoptosis analysis. Additionally, the luciferase reporter gene system was employed for target verification. The results demonstrated that miR-145 is downregulated and MUC1 is upregulated in PE tissues and cells compared with normal placenta tissues and cells. The correlation analysis suggests that the expression of miR-145 is negatively correlated with MUC1. Meanwhile, increased proliferation, enhanced invasion and decreased apoptosis of HTR-8/SVneo cells was observed in miR-145 mimic groups compared with mimic control group. Also, the decreased luciferase activity in the miR-145 mimic group indicates that MUC1 may be a target of miR-145. In summary, the results of the present study suggest that miR-145 may serve key roles in the regulation of trophoblast cell proliferation and invasion by targeting MUC1.
Introduction
Pregnancy-induced hypertension (PIH), also known as gestational hypertension, is a pregnancy-specific condition characterized by high blood pressure, edema, proteinuria and heart and kidney failure (1) . PIH is defined as having a diastolic blood pressure (DBP) >90 mmHg and systolic blood pressure (SBP) >140 mmHg (2) . Furthermore, PIH can be classified as mild, moderate and severe (3) . Severe PIH is called preeclampsia (PE), which typically occurs after 20 weeks of gestation and may be accompanied by proteinuria, twitch and coma (3) . PE is diagnosed why SBP ≥160 mmHg and DBP ≥110 mmHg (4) . Previous studies have demonstrated that PE is a common and severe health problem for fetuses and expectant women, a leading cause of maternal and fetal mortality and morbidity (5) . PE is associated with fetus maldevelopment and may lead to eclampsia and even miscarriage (5-7). Worldwide, there are ~55,000 deaths associated with PE reported annually (7) , and the underlying cause of PE remains unknown. There is currently no effective therapeutic or preventative treatment available for PE.
Some previous studies have focused their investigations on trophoblast and placental dysfunction, which initiate pathogenesis (8) . Successful implantation and placentation induces a series of cellular events associated with embryo attachment to the endometrial wall, including embryonic trophoblast cell proliferation and migration as well as invasion of the trophoblast cells into the endometrium (9) . Furthermore, successful implantation is associated with remodeling of the uterine spiral via extravillous trophoblast (EVT) cell invasion (10) . EVT cell invasion results in enlarged vessel diameter and the perfusion of utero placenta, which leads to increased blood flow volume and oxygen transportation (11) . As such, abnormalities in artery remodeling may cause decreased blood flow volume and placental hypoxia, resulting in trophoblast dysfunction and possibly preeclampsia (12) . Studying this process may increase our understanding of the onset and development of preeclampsia and potential novel treatment methods (13) . It has also been reported that some signaling and genetic pathways involving vascular endothelial growth factor (VEGF), placental growth factor and transforming growth factor-β contribute to PE development (7, 14) . Furthermore, PE affects the innate immunity of the fetus due to increased levels of inflammatory immune cells and cytokines and decreased the regulation of immune cells and cytokines, including IL-6, certain chemokines (chemokine ligand 5) and adhesion molecules (VCAM, ICAM and E-selectin) (15) .
MicroRNAs (miRNAs or miRs) are a family of small non-coding RNAs that are able to regulate gene expression via degrading mRNA at the post-translational level. Therefore, dysregulation of miRNAs is associated with a number of diseases (16) . It has previously been reported that C19MC, miR-371-3 cluster and C14MC encode pregnancy-associated microRNAs that are responsible for the subsequent onset of gestational hypertension (17, 18) .
It has been reported that miR-145 may be able to regulate the expression of sex determining region Y-box 2 and influence the proliferation and invasion ability of JAR and JEG-3 cells in the development of human choriocarcinomas (18, 19) . Mucin (MUC1) is a type 1 transmembrane protein that serves a vital role in trophoblast cell proliferation and migration (20) . Due to its large size, MUC1 works as a lubricant to and affects cell-cell and cell-substrate interactions, reducing cell adhesion in tumor tissues (21) . Furthermore, a previous study demonstrated that MUC1 facilitates cell-cell adhesion by binding intercellular adhesion molecule-1 (ICAM-1) and E-selectin (22) . The aim of the present study was to define the roles of miR-145 in trophoblast cell proliferation and invasion. In addition, the impact of MUC1 on trophoblast cell proliferation and invasion profile was explored. MTT assay for HTR-8/SVneo cell proliferation. An MTT assay was performed to assess cell proliferation. A total of 2,000 transfected HTR-8/SVneo cells were seeded in 24-well plates and incubated at 37˚C for 4 h in an atmosphere containing 5% CO 2 . Subsequently, an MTT Cell Viability Assay kit (KA1606; Abnova Corporation, Taipei, Taiwan) was used according to the manufacturer's protocol. The optical density at 570 nm wavelength was detected using microplate reader at 24, 48 and 72 h following transfection. This experiment was conducted in triplicate.
Materials and methods

Patient
Matrigel assay for HTR-8/SVneo cell invasion.
Transwell culture inserts (8-mm pore size; Falcon; BD Biosciences, Franklin Lakes, NJ, USA) were placed into the wells of 24-well culture plates with separated the upper and lower chambers. Matrigel (BD Biosciences) was pre-coated on the upper side of the membrane and incubated at 37˚C for 1 h for gel formation. The membrane was hydrated in FBS for 2 h prior to use. In the lower chamber, 600 µl RPMI 1640 (Thermo Fisher Scientific, Inc.) containing 10% FBS was added and 1x10 5 cells/well were seeded to the upper chamber. Cells in inserts were fixed using 4% paraformaldehyde at 4˚C for 15 min and stained with 0.05% crystal violet for 10 min at room temperature. Cells were counted under a light microscope (magnification, x200) following 72 h incubation at 37˚C.
Flow cytometry assay for HTR-8/SVneo cell apoptosis.
Following transfection, a flow cytometry assay was performed to study the apoptosis of HTR-8/SVneo cells. Briefly, the transfected cells (1x10 5 cells/well) were seeded in a 24-well plate and incubated at 37˚C for 72 h. HTR-8/SVneo cells were stained with propidium iodide and Annexin V-fluorescein isothiocyanate (BD Biosciences) in the dark for 15 min at room temperature. Stained cells were subsequently examined using a FACScan laser flow cytometer (BD Biosciences) equipped with CellQuest software version 3.1 (BD Biosciences).
Luciferase reporter gene analysis for target verification.
For the luciferase reporter assay, HTR-8/SVneo cells (2,500 cells/well) were seeded in 96-well plates and incubated at 37˚C in an atmosphere containing 5% CO 2 for 24 h. Subsequently, MUC1-3'UTR-wild type (WT) and MUC1-3'UTR-mutant (MUT) plasmids (2.5 µg; Cyagen Biosciences, Inc.) were transfected into the NC, miR-145 mimic and mimic control groups using Lipofectamine ® 2000. Then, a Luciferase Reporter Assay kit (K801-200; Wuhan Amyjet Scientific Co., Ltd., Wuhan, China) was used according to the manufacturer's instruction.
Statistical analysis. All data are presented as the mean ± standard deviation. Data were analyzed using GraphPad Prism version 5.01 (GraphPad Software, La Jolla, CA, USA). Student's t test and one-way analysis of variance followed a Dunnett's post hoc test were employed for data comparisons. P<0.05 was considered to indicate a statistically significant difference.
Results
Relative expression of miR-145 mRNA and MUC1 protein in NP and PE tissues.
To investigate the expression profile of miR-145 mRNA and MUC1 protein in normal placental and the PE placental tissues, RT-qPCR and western blotting were performed, respectively. miR-145 was significantly downregulated and MUC1 was significantly upregulated in PE compared with NP tissues (P<0.01; Fig. 1 ).
Correlation analysis between miR-145 and MUC1 expression.
Correlation analysis was performed to investigate the association between miR-145 and MUC1 expression level. The results revealed that the expression of MUC1 was negatively correlated with miR-145 expression (r=0.9728; Fig. 2 ).
Relative expression of MUC1 in the miR-145 mimic group.
Following transfection of miR-145 mimic plasmids, the expression of miR-145 and the MUC1 were determined by RT-qPCR and western blotting respectively. miR-145 expression was significantly higher (P<0.01) and MUC1 expression was markedly downregulated in the miR-145 mimic group compared with the NC group (Fig. 3) .
MTT assay for HTR-8/SVneo cell proliferation determination.
To explore the proliferation of HTR-8/SVneo cells, and MTT assay was performed. HTR-8/SVneo cells were constructed miR-145 mimic plasmids and mimic control plasmids. Results demonstrated that the cell proliferation rate was significantly increased in the miR-145 mimic group at 72 h following transfection compared with the mimic control group (P<0.01; Fig. 4 ). This result suggested that miR-145 may therefore be able to promote cell proliferation.
Transwell assay for HTR-8/SVneo cell invasion determination.
The effects of miR-145 on HTR-8/SVneo cell invasion ability were assessed using a Transwell assay. Cell invasion was markedly increased in the miR-145 mimic group compared with the mimic control group (Fig. 5) . Hence, miR-145 may contribute to the invasion ability of HTR-8/SVneo cells.
Flow cytometry assay for HTR-8/SVneo cell apoptosis.
Flow cytometry was performed at 72 h following plasmid transfection. Subsequently, HTR-8/SVneo cells were stained with propidium iodide and Annexin V-fluorescein isothiocyanate.
The results indicated that apoptosis was significantly decreased in the miR-145 mimic group compared with the mimic control group and the mimic control was not significantly different to the NC (P<0.05; Fig. 6 ).
Luciferase reporter gene analysis for target verification. The luciferase reporter system was used to verify that MUC1 was a target gene of miR-145 in HTR-8/SVneo cells. Firstly, the database was searched for target prediction. The results revealed that MUC1 was a putative target gene of miR-145 (Fig. 7A) . The constructed MUC1 mutant and wild type plasmids were co-transfected with miR-145 mimic and mimic control plasmids into HTR-8/SVneo cells. The fluorescence intensity and results of western blotting were significantly lower in the miR-145 mimic and MUC1-3'UTR-WT group compared with the mimic control group (P<0.01, Fig. 7A; P<0.001, Fig. 7B ). There were no significant difference between mimic control and NC. Therefore, MUC1 confirmed as a target gene of miR-145 in HTR-8/SVneo cells.
Discussion
It has previously been demonstrated that miRNA serve vital roles in cell proliferation, migration, invasion and apoptosis processes in various cancers (24) . It is well known that miRNAs are able to combine to the putative 3'-UTR of mRNAs to alter the function of various genes at the post-translational level, and so it was hypothesized that miRNAs may function as a regulator of some gene that is associated with the development of placenta (25, 26) . In addition, the underlying mechanisms of miRNAs in placenta have not been fully explored (27) . In the present study, miR-145 was used as the target and the results demonstrated that miR-145 was downregulated in PE tissues compared with NP tissues. Furthermore, MUC1 was identified as a target gene of miR-145 via gene prediction software and the luciferase reporter assay. In addition, MTT, Transwell and flow cytometry assays was performed in HTR-8/SVneo cells. Further investigation revealed that miR-145 may promote HTR-8/SVneo cell proliferation and invasion whilst suppressing cell apoptosis. Therefore, in the present study, the roles of miR-145 in placenta development were identified and its potential target MUC1 was explored.
It has previously been reported that miR-145 functions differently in various types of cancer (28) . For example, miR-145 inhibits cell growth in gallbladder cancer (29) . Suppressed cell migration and cancer invasion has also been reported, which suggests that miR-145 may function as a tumor suppressor (30) . The results of the present study are in accordance with those of a previous study that indicated that miR-145 is a positive regulator of endogenously regulated trophoblast expansion (19) . Genes associated with trophoblast invasion include heme oxygenase-1, epidermal growth factor (EGF), VEGF and MUC1 (21, 31, 32) . The results of the present study and previous research indicate that there are two pathways of MUC1 in cancer cell-cell interactions; in tumor cells, MUC1 facilitates metastasis and inhibits cell-cell adhesion by binding to ICAM-1 and E-selectin (21) , whereas in the female reproductive tract MUC1 overexpression reduced the invasion capacity of HTR-8/SVneo cells (20) . The primary aim of the present study was to combine miR-145 and MUC1 to investigate the effect of miR-145 in trophoblast cells and confirm MUC1 as a target of miR-145.
The present study has several limitations due to the experimental design. Although it was specified that MUC1 was a target gene of miR-145 in HTR-8/SVneo cells, the underlying mechanism remains to be elucidated. Future studies should be performed to explore the whole signaling pathway associated with miR-145 and MUC1 including the downstream genes associated with cell proliferation, invasion and apoptosis. For instance, the B-cell lymphoma 2/B-cell lymphoma 2-associated X protein signaling pathway, which is a target of MUC1, is associated with cell apoptosis (33) . Furthermore, proteins that serve roles in cell adhesion, including ICAM-1 and E-selectin, may be used to assess cell migration and invasion (21) . Adrenomedullin 2 (ADM2) has been reported to be associated with spontaneous abortion in humans and inhibits the expression of MUCI (34) . Serum ADM2 is downregulated in PE, suggesting that decreased levels of ADM2 level may induce the overexpression of MUC1 (34) . In future investigations, multiple factors that regulate the expression of MUC1 should be explored.
In summary, miR-145 serves an important role in the development of trophoblast cells. The results indicated that the proliferation was promoted and invasion was inhibited by miR-145 targeting MUC1. Therefore, miR-145 may serve a role in the development of PE via its effect on trophoblast cells.
